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ABSTRACT 

We present 3 /im spectroscopy of the carbon-rich proto-planetary nebulae IRAS 04296-1-3429 and 
IRAS 05341-1-0852 conducted with the adaptive optics system at the Subaru Telescope. We utilize the 
nearly diffraction-limited spectroscopy to probe the spatial extent of the hydrocarbon dust emitting 
zone. We find a hydrocarbon emission core extending up to 100-160 mas from the center of IRAS 
042964-3429, corresponding to a physical diameter of 400-640 AU, assuming a distance of 4 kpc. 
On the other hand, we find that IRAS 05341-1-0852 is not spatially resolved with this instrumenta- 
tion. The physical extent of these proto-planetary nebulae, along with the reanalyzed data of IRAS 
22272-1-5435 published previously, suggests a correlation between the physical extent of the hydrocar- 
bon dust emission and the spectral evolution of the aliphatic to aromatic features in these post- AGB 
stars. These measurements represent the first direct test of the proposed chemical synthesis route of 
carbonaceous dust in the circumstellar environment of evolved stars. 

Subject headings: stars: AGB and post-AGB — circumstellar matter — stars: individual (IRAS 
04296-^3429, IRAS 0534H-0852, IRAS 22272-1-5435) — dust, extinction — ISM: 
evolution — infrared: ISM 
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1. INTRODUCTION 

The origin of carbonaceous grains observed in the in- 
terstellar medium and in the early solar system is a topic 
of great interest. These grains are composed of a chain or 
a network of carbon atoms, bonded to hydrogen atoms at 
their periphery with physical and chemical properties in- 
termediate between those of simple molecules and of bulk 
solid particles. Due to the versatility of carbon atoms in 
creating various hybridized bonds, these carbonaceous 
;rains can have v er y co mp lex chemical structure s 
Henning fc Salamal 19981: lEhrenfreund fc Charnle 
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Recent infrared spectroscopic observations from space 
have revealed that carbon-rich post-asymptotic giant 
branch (post-AGB) stars undergo rapid synthesis of hy- 
drocarbon grains with both aromatic and aliphatic sig- 
natures. The "aromatic" hydrocarbon is characterized 
by benzene-like rings in which carbon atoms are con- 
nected to each other with conjugated double bonds, while 
the "aliphatic" hydrocarbon consists of linear chains or a 
network of carbon atoms connected by saturated bonds. 
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The production and ejection of these grains may play a 
significant role in the chemical enrichment of the inter - 
stellar medium and the early solar system (|Kwokll2004D . 
Specifically, while carbon-rich AGB stars show either the 
11.3 ^m feature due to SiC or a featureless continuuni 
due to amorph ous carbon (iHenning fc Mutschkd 1200 ll : 
IClement et al.l 12003 ). aromatic features at 3.3, 6.2, 7.7, 
8.6, and 11.3 /xm and aliphatic features at 3.4 and 6.9 /im 
begin to appear in proto-planetary nebulae (PPN, Kwok, 
Volk, fc Hrivnak 1999). We now know that the aliphatic 
to aromatic transformation of the circumstellar dust from 
PPN to planetary nebulae coincides with environmental 
changes of increasing stellar temperature, less protective 
dust y environment, and the outbre ak of harsh UV radia- 
tion (jKwok. Volk. fc Bernathl[2001[ ). In order to test any 
photochemical models, we first need a good knowledge 
of the spatial distribution of the emitting materials. The 
observations of these objects in the short transition phase 
between AGB stars and planetary nebulae are therefore 
of primary importance in our understanding of the chem- 
ical synthesis of carbonaceous grains. 

IRAS 04296+3429 along with IRAS 05341+0852 and 
IRAS 22272+5435 belong to a small group of PPNs 
with extreme carbon-rich chemistry, first recognized by 
the presence of an unidentifie d 21 /im emission fea- 
ture in their IR AS/LRS s pectra (Kwok. Volk. fc Hr ivnald 
11989; Kwok, Hrivnak. fc Geballc 1995). The observa- 
tional properties of these sources, taken from the liter- 
ature, are summarized in Table [TJ This class of PPN 
is most exclusively characterized by prominent emission 
features of highly aliphatic material with broad emis- 
sion at 3.4 /xm alongside the common aromatic fea- 
ture a t 3.3 um first detec t ed by lGeballe fc van der VeenI 
(|1990D and Geballe et al.l (|1992D . subsequently classified 
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Fig. 1.— The spectra of IRAS 05341+0852 and IRAS 
04296+3429 after division by a polynomial fit to the continuum. 
Also p lotted is the spectrum of IRAS 22272+5435 from lGoto et al.l 
II2003I) . These three PPNs are extremely carbon-rich with a spe- 
cific aliphatic emission features at 3.4 fira along with more common 
aromatic emission at 3.3 iim. The intensity of the aliphatic emis- 
sion relative to the aromatic feature decreases with the physical 
development of the nebulae. The ratio of the whole emission fea- 
ture to the continuum emission exhibits the same trend. Note that 
the spectrum of IRAS 22272+5435 is extracted from the nebula, 
but in a region offset from the central star, in order to highlight the 
hydrocarbon emission features. The feature to continuum ratio is 
much smaller when the central star is included, which makes the 
trend above even stronger. 

temporal modification it will leave a record of unique 
spatial distribution in the circumstellar envelope. With 
sufficient spatial resolution, we may observe the history 
of dust formation as a change of hydrocarbon dust struc- 
ture with distance from the central star. Such observa- 
tions provide a critical test for the proposed e volutionary 
schemes (e.g., iKwok. Volk. &: HrivnakI [19991 ). However, 
PPNs are usually small in angular extent and require 
sub-arcsecond resolution to image. It is only recently 
that the imaging resolution in the infrared has become 
good enough to perform such experiments ()Goto et al.l 
l2003l ). In this paper, we present high-angular resolution 
imaging spectroscopy of the distribution of circumstellar 
hydrocarbon dust using an adaptive optics (AO) system. 

2. OBSERVATIONS 

The 3 /im spectra of IRAS 04296-1-3429 and IRAS 
05341+0852 were obtained at the Subaru Telescope 
atop Mauna Kea on 2001 December 23 with the In- 
frared Camera and Spectrograph (IRCS; Tokunaga et 
al. 1998; Kobayashi et al. 2000). An adaptive op- 
tics system was used as a front-end instrument to feed 
wavefront-compensated images to IRCS. The Subaru 
AO is a 36-element curvature-ba sed system installed 
at the telescope C assegrain port (jGaessler et al.l 120021 : 
iTakami et al.l l2004f ) . It delivers diffraction- limited im- 
ages at wavelengths longer than 2 /im. A medium- 
resolution grism was used with a 0'.'30 slit to provide 
spectra with a resolving power of A/AA = 600-800. 
The plate scale of the spectrograph was 58 mas/pixel 
along the slit. The slit was aligned to PA = 28° and 
98° for IRAS 04296-^3429, alon g the d i sk an d the bipo- 
lar lobe projected on the sky (jSahai I [1999^). The slit 
was rotated to PA = 45° for IRAS 05341+0852 which is 
along the elongation of the nebula at optical wavelengths 
(|Ueta. Meixner. fc Bobrowskvl l2000') . The visible central 
stars of IRAS 04296-^3429 (1200-02336188 in the USNO 
A-2.0 Catalogue; R = 13.7 mag) and IRAS 05341+0852 
(0975-01778353; R = 12.7 mag) were used as the wave- 
front references for the AO system. The spectrograms 



were recorded by wobbling the AO system's tip-tilt mir- 
ror by ±1'.'5 along the slit. A G0.5V star HR 660 {R = 
4.5 mag) was observed at the beginning of the observa- 
tion through similar airmass to calibrate for atmospheric 
transmission. The mismatch in airmass between this ref- 
erence and the observed objects was smaller than 0.1. In 
order to use HR 660 as the standard star for the point- 
spread function (PSF) as well, HR 660 was dimmed by 
neutral density filters in front of the wavefront sensor un- 
til the output counts of the avalanche photodiodes were 
comparable to that of the objects, so that the corrected 
wavefront error would be similar. The observation of 
IRAS 04296-^3429 was completed within 1.3 hrs of ob- 
serving HR 660 for the first slit position at PA=98°. 
HR 660 may not be as good a PSF standard for IRAS 
05341+0852 as this was observed nearly 4 hours later. 
The PSF as measured with HR 660 provides an inde- 
pendent measurement to test the spatial extent of IRAS 
04296-1-3429, as discussed in §3.1. The spectroscopic flat 
field was made at the end of the night using a halogen 
lamp installed at the calibration unit in front of the in- 
strument entrance window. The seeing was good at the 
beginning of the night (0'.'55 at R), deteriorating towards 
the end of the observation (0'.'86 at R). The details of the 
observation of IRAS 22272+5435 are presented elsewhere 
( Goto et al...2003 ). 

3. DATA ANALYSIS 

3.1. Non-linearity correction 

Data reduction begins with correcting each frame for 
detector non-linearity, since even a slight saturation of 
the detector response affects the PSF measurement so 
crucial to the present study. Suppression of pixel counts 
at the peak of the PSF modifies the spatial profile by 
slightly flattening it. Therefore, the measured spatial 
width is increased. Special care must be taken to ac- 
count for the pixel counts in the pedestal readout. A 
typical readout of an infrared detector array consists of 
three steps: a reset of the entire array, after which inte- 
gration starts immediately; a first readout to sample the 
pixel counts at the beginning of the exposure; and a sec- 
ond readout after the desired integration time. Then the 
pedestal count from the first readout is subtracted, yield- 
ing the net signal. This net signal is usually monitored 
during observations not to exceed the detector linearity 
limit. 

However, for observations in high-fiux regime such as 
the ones done with the AO system, the integration time 
can be so short that it is comparable to the detector 
readout time. Substantial photon flux is already ac- 
cumulated in the pixel before the first readout. The 
pedestal counts can potentially push the second readout 
up into the non-linear regime, a situation which cannot 
be recognized when only the net signal is monitored. The 
pedestal count depends on how soon the relevant pixel 
is read after the array reset, and therefore depends on 
the location of the pixel in the array. The magnitude 
of the non-linearity correction, including the position- 
dependent pedestal count, amounts to not more than 8% 
in most of the observations with our setup using a pixel 
readout of 0.41 s for the entire array, an integration time 
of 8 s, and with maximum net counts restricted to values 
below 5,000 ADU. 
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3.2. Spectroscopy 

Following the above described non-linearity correc- 
tion, consecutive spectrograms were subtracted from 
each other to eliminate background sky emission. Pixel- 
to-pixel detector response variation was normalized by 
ratioing with dark-subtracted flat-field images. The ex- 
traction aperture was defined at a fixed distance from 
the profile centroid, and the enclosed pixel counts were 
summed up to produce a one-dimensional spectrum. 
Wavelength calibration was performed by maximizing 
the correlation of resulting spectrum with a model atmo- 
spher ic transmission curve computed by ATRAN (jLordl 
11992^. Telluric atmospheric absorption features were re- 
moved by dividing by the spectrum of the spectroscopic 
standard star HR 660. 

The results are shown in Figure [1] for IRAS 
04296-^3429 and IRAS 053414-0852, after normahzation 
by a polynomial function fitted to the continuum emis- 
sion in order to highlight the hydrocarbon emission fea- 
tures at 3.2-3.6 Aim. The spectrum of IRAS 22272-f5435 
extracted from th e off-center region of the nebula, origi- 
nally published in I Goto et~al\ (|2003f ) , is shown for com- 
parison. Two parallel trends are noticeable. First, the 
aliphatic emission feature at 3.4 //m, specific to this class 
of carbon-rich PPNs, diminishes as one progresses from 
IRAS 05341-^0852 to IRAS 04296-1-3429 and to IRAS 
22272-1-5435, with respect to the aromatic emission at 
3.3 /im. At the same time, the overall intensity of hydro- 
carbon emission above the continuum decreases. 

Large-scale (> 0'.'5) variations of the spectral shape of 
the emission feature were checked for IRAS 04296-1-5435 
and IRAS 05341-1-0852 in the same way as was done for 
IRAS 22272+5435, by shifting the extraction aperture 
from the central star (Goto ct al. 2003) . The flux at the 
off-center regions is dominated by the PSF halo of the 
central star, and no significant difference was observed 
between the spectra extracted at the central stars and 
those taken from the off-center regions. 

3.3. Spatial profiles 

Adaptive optics provides superb spatial resolution for 
imaging and spectroscopy. However, this resolution is 
highly variable when operating at the system's perfor- 
mance limit, reflecting the variability of observing condi- 
tions. The reference PSF varies according to the seeing, 
the brightness of the wavefront reference source, and the 
observing wavelength (therefore the color of each object) . 
This variable PSF makes the interpretation of the spatial 
extent of observed sources a challenge. For instance, if 
a stellar image is larger than a known unresolved refer- 
ence observed previoulsy, there is no way to tell whether 
that source has indeed a circumstellar structure, or if 
the seeing has simply become worse. This uncertainty 
can be eliminated if a point source reference is observed 
at the same time with the same instrumental setup, and 
preferably in the same frame. This is often difficult to 
achieve. 

We used spectroscopy as a means of sampling a refer- 
ence PSF within frames. Spectroscopy amounts to simul- 
taneous imaging at multiple wavelengths over hundreds 
of spectral elements, though spatially one dimensional. 
If certain spectral features are spatially extended, this 
is most sensitively detected by differentiating the spa- 
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Fig. 2. — Top left panel: A close-up view of tlie spectrogram 
of IRAS 04296-1-3429 at 3.29-3.35 fim. The spectrogram is pair- 
subtracted and flat-fielded. The aromatic hydrocarbon dust pro- 
duces emission at 3.3 fim which is marked as "Emission" in the 
spectrogram. The 3.32-3.34 fim region, in between the 3.3 fim 
aromatic and the 3.4 fim aliphatic feature, is labeled as "Contin- 
uum". Bottom left: A one-dimensional slice of the spectrogram cut 
along the slit at the emission wavelength (marlsed by rectangles) 
and on the continuum (crosses). The green and red filled curves 
are Lorentzian functions used to fit the pixel data at the continuum 
and at the emission feature, respectively. It is evident that IRAS 
04296-f3429 is larger at the 3.3 ^m aromatic feature than at the 
continuum wavelength. Right panels: Same as left panels, but for 
the standard star HR 660. In this case the spatial profiles of the 
two spectral regions are almost identical. 

tial profile from that of the immediate continuum re- 
gion. The scheme is illustrated in Figure [2l In the 
present observations, we have compared the cross sec- 
tion of the spectrogram at the hydrocarbon dust emis- 
sion wavelength with the nearby continuum. The spatial 
profile of IRAS 04296-f 3429 in Figure 2 is wider at the 
level of the emission feature by approximately 16%, com- 
pared to the continuum wavelength. This difference in 
the widths of the two spectral regions is not large, but it 
is real, otherwise the spatial profiles at these two spec- 
tral regions would be identical, as it is the case for the 
comparison star HR 660 shown in the same figure. 

Since spatial profiles are sparsely sampled in pixelized 
data, the pixel data must be interpolated in order to 
quantitatively parametrize the spatial profile. Empir- 
ically, we found that the observed PSF is better ap- 
proximated by a Lorentzian than by a single compo- 
nent Gaussian, given the high wings resulting from of the 
first ring and the seeing halo around the diffraction core 
(Fig. [2]). The bad pixels with outlying responses were 
deliberately left uncorrected, because smoothing outlier 
pixels modifies the intrinsic spatial profile, leading to an 
incorrect spatial width. The fuU-width-at-half-maximum 
(FWHM) of the spatial profiles was derived from these 
fits, and was measured at each spectral element from 2.9 
to 4.1 ^m. The "FWHM spectrum", the variation of 
FWHM as a function of the wavelength, was measured 
separately in each frame to preserve spatial resolution. 
They were then combined together for each source. The 
results are shown in Figured The spatial width of IRAS 
04296-1-3429 is clearly extended near the 3.3-3.4 /zm hy- 
drocarbon emission features, compared to its size at con- 
tinuum wavelengths. 

The spe ctroscopic data fo r IRAS 22272+5435, ob- 
tained by I Goto et"al] (|2003D . were reprocessed in the 
same manner as described here, and the resulting FWHM 
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Fig. 3. — Variation of the FWHM of the sources as a function 
of wavelength. Top left: the spatial extent of IRAS 04296+3429 
at position angle 98° along the bipolar lobe. The smooth increase 
in FWHM with wavelength represents the diffraction-limited be- 
havior of a PSF. This wavelength dependence is fitted by a dotted 
line, and any excess above it is emphasized by light gray shade. 
The error bars are given by the dispersion of the FWHM in the re- 
peated measurements (shown in dark gray). The spatial extent of 
the standard star HR 660 is plotted in the same panel for compar- 
ison, as well as the polynomial fit to the continuum of the FWHM 
spectrum of IRAS 04296-1-3429, used as the point spread functions 
in the later deconvolution. Bottom left: variation of spatial extent 
of IRAS 04296-1-3429 measured at position angle 28° along the 
disk. Top right: variation of spatial extent of IRAS 05341-1-0852 
measured along the position angle 45°. Bottom right: variation of 
spatial extent of IRAS 22272-1-5435 measured along the position 
angle 56°. 



spectrum is shown in Figures[3]for comparison with IRAS 
04296-^3429 and IRAS 05341+0852. 

3.4. Deconvolution 

The spatial width we measured in §3.3 is a stellar an- 
gular diameter convolved with the system PSF. In order 
to derive the intrinsic dimension of the emitting region, 
we need to deconvolve the PSF from the apparent spa- 
tial width. For this task, we assume the observed spatial 
width is a simple squared sum of the intrinsic angular 
size and the size of the PSF at that wavelength, 



-'PSF 



(A). 



Obtaining the correct PSF, 0psf(A), is not a trivial task, 
since the wavelength-dependent PSF changes with AO 
performance at the time of observing. We calculate the 
intrinsic physical dimension 0*(A) in two ways, assuming 
different 0psf(A) at deconvolution. 

First, we assume the continuum emission of IRAS 
04296+3429 is an unresolved point source. We mea- 
sure only the relative dimension of the hydrocarbon emit- 
ting region with respect to the continuum dust emission. 
The apparent diameter of IRAS 04296+3429 smoothly 
increases at longer wavelengths except near the hydrocar- 
bon emission features and at the spikes of heavy absorp- 
tion by methane in the telluric atmosphere at 3.2-3.4 /im. 
A polynomial function is fit to the continuum of the 
FWHM spectrum, and is taken as 6Ipsf(A) (Fig. [3]). The 
large 0psf(A) assumed here provides a stringent lower 
limit for the extent of the hydrocarbon emitting zone. 
The apparent angular diameter of the continuum emit- 
ting region is 180 mas at 3.4 iim at PA=98°, as is shown 
by the fit in Figured On the other hand, the apparent 
FWHM is well above 200 mas at the hydrocarbon emis- 
sion features, yielding a minimum physical diameter for 
the hydrocarbon emitting region of ~100 mas (Fig. |4]), 
corresponding to 400 AU in dia meter assuming a dista nce 
of 4 kpc for IRAS 04296+3429 (jMeixner et al.llT997[) . 



In an alternative approach, we assume the system PSF 
was stable throughout the observations and simply use 
the apparent diameter of HR 660 as 6'psf(A) to decon- 
volve the FWHM of IRAS 04296+3429. This assumption 
allows an absolute estimate of the actual physical dimen- 
sion of IRAS 04296+3429. The deconvolved FWHM of 
IRAS 04296+3429 by this method is 160 mas at 3.4 jim. 
The corresponding physical dimension of the hydrocar- 
bon core is 640 AU (PA = 98°) in diameter (Fig.l!]). 

IRAS 04296+3429 is apparently larger than HR 660 
at all the wavelengths observed in the present study 
(Fig. [3]), which may suggest that even the continuum 
emission is indeed extended and not a point source as 
we assumed in the first method. However, it is not 
clear which method described above is better suited to 
this particular the dust emission tops the stellar 

compo nent exactly at the relevant wavelengths near 3- 
4 um (iKwokl 119931: lUeta, Me ixner. fc Bobrowsk^ 120001: 
iFuiii. Nakada. fc Parthasarat hv 2002) , which implies the 
continuum emission is still dominated by the stellar point 
source; although there could be a substantial contribu- 
tion to the continuum emission in the 3 /im region from 
very small, stochastically heated grains. 

4. DISCUSSION 

From HST optical imaging, we know that IRAS 
04296+3429 consists of three major components: a large 
spherical halo; a disk seen in the scattered light; and a 
bipolar lobe nearl y vertical to the disk, plunging into the 
surrounding halo (jSahai Ill999( l . The halo is the remnant 
of the circumstellar material ejected during the previous 
asymptotic giant branch phase. The bipolar lobe, delin- 
eated by its interface to the halo, is supposed to be coUi- 
mated by the disk. This geometry is typical of PPNs and 
we assume that they were formed in the order of the halo, 
the disk, and the bipolar lobes. The newly found hydro- 
carbon emitting region is much smaller in size than all of 
the above three components, and does not correspond to 
any of the structures previously imaged in visible light. 
The double-peaked spectral energy distribution observed 
in this object suggests that the dust shell is detached 
from the central star and large-scale mass loss has cease d 
some time in the past (jKwok. Volk. fc HrivnakI 119891 ) . 
However, the compact hydrocarbon-dust emitting region 
found in this paper implies that carbon-dust formation is 
still in progress in IRAS 04296+3429. This provides a di- 
rect proof that aromatic and aliphatic hydrocarbon dust 
are being made in the circumstellar environment during 
the post-AGB phase. 

Since the distribution of the hydrocarbon dust emis- 
sion has been measured in three PPNs, we can use these 
results to determine their evolutionary status within 
the post-AGB evolution sequence. The wider FWHM 
compared to the continuum emission region is inter- 
preted as the hydrocarbon dust being spatially ex- 
tended. Its total luminosity is at least comparable to 
that of the continuum emission. The hydrocarbon dust 
around IRAS 22272+5435 is dist ributed between 7 00 and 
1500 AU from the central star (jGoto et al.ll2003l ). This 
is twice larger than the hydrocarbon-dust core in IRAS 
04296+3429. We applied the same analysis to IRAS 
22272+5435 as to IRAS 04296+3429 to see if there is any 
extended but compact emission core in the central region 
of the nebula (Fig. [3]). We found no excess of the FWHM 
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Fig. 4. — Variation of the size of the hydrocarbon emission zone 
as a function of wavelength after deconvolution. Top: FWHM spec- 
tra deconvolved with the continuum FWHM of IRAS 04296+3429 
itself; assuming the continuum emission is a point source, and 
smoothly increases with wavelength as is in the polynomial fit 
shown in dotted lines in Figure \3\ Bottom: FWHM spectra de- 
convolved using the FWHM of the standard star HR 660 as the 
PSF. The upper trace is for measurements along PA=98°, and the 
lower trace for PA=28°. The angular scale on the left vertical axis 
is converted to ph ysical size on t he right vertical axis, assuming a 
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distance of 4 kpc l IMeixner et al.|[l997i) 

at the central star, although IRAS 22272+5435 is closer 
to us {d = 1.8 kpc; private communication, Nakashima 
2006 based on the formula presented in Deguchi et al. 
2002)^, indicating that the hydrocarbon dust in IRAS 
22272+5435 has been cleared up and the central star is 
already seen through the dust envelope. 

No enhancement of the width of the spatial profile 
is observed at the hydrocarbon emission wavelength for 
IRAS 05341+0852 (Fig. [3]). At first glance, the FWHM 
spectrum of IRAS 05341+0852 looks similar to that of 
IRAS 22272+5435 where the dust emitting region ex- 
tends to as much as 1'.'5 in diameter. However, we 
demonstrate here that in fact the hydrocarbon emis- 
sion in IRAS 05341+0852 is compact and unresolved. 
First, a crucial difference between the two sources is 
the lack of a diffuse hydrocarbon dust emission around 
IRAS 05341+0852. We ruled out any possible spa- 
tial variation of the hydrocarbon emission feature in 
IRAS 05341+ 0852 using t he same analysis as for IRAS 
22272+5435 in I Goto et al\ ([2003). If positively detected, 
a spatial variation would have provided unambiguous ev- 
idence of a physically extended hydrocarbon dust emit- 
ting zone. However, not only was such a variation not 
detected, but even the intensity of the emission feature 
relative to the continuum level is constant regardless of 

S The distance to IRAS 22272+5435 was updated from 1.6 kpc 
previously used in Goto et al. 2003, and Ueta et al. 2001. The 
physical size of the nebula is scaled up accordingly. This new es- 
timation is based on a simple comparison of the apparent lumi- 
nosity of the nebula obtained from photometric data ranging from 
the visible to the infrared, with an assumed intrinsic luminosity 
of 8,000 Lq, typical for a PPN. The interstellar extinction is not 
accounted for, which may affect the visible part of the SED. This 
distance is therefore an upper limit, yielding an upper limit for 
the physical extent of the hydrocarbon emitting region at IRAS 
22272+5435. 



the distance from the central star, which is consistent 
with a point source and favors the interpretation that 
the hydrocarbon emission in IRAS 05341+0852 is unre- 
solved. Second, we estimated the shape of dust emit- 
ting region of IRAS 05341+0852, assuming a general 
morphology similar to that of IRAS 22272+5435. The 
nebulosity around IRAS 22272+5435 spans 3'/ 47x3'.^37 
in /-band (|Ueta. Meixner. fc Bobrowskvl |2000[ ) , and is 
smaller in the mid-infrared (l'.'3xl'.'0 at 8 /xm, aver- 
aged from Meixner et al. 1997 and Ueta et al. 2001). 
This is roughly the dimension of the detached hy drocar- 
bon emitting zone located bv iGoto et al.1 ()2003l ). IRAS 
05341+0852 appears much smaller in /-band, presumably 
because it is further (l'.'14x0'.'78, Ueta et al. 2000). If 
we simply scale the near-infrared appearance of IRAS 
05341+0852 in proportion to the dimension of IRAS 
22272+5435 in /-band and the mid-infrared, the hydro- 
carbon emitting region of IRAS 05341+0852 should mea- 
sure 0'.'2-0'.'4 from the central star. If IRAS 05341+0852 
had a detached hydrocarbon emitting region comparable 
to that of IRAS 22272+5435, it would have been spa- 
tially resolved by our observation, even when accouting 
for the increaded distance to IRAS 05341+0852. 

Here we try to place an upper limit on the physical 
extent of the hydrocarbon dust in IRAS 05341+0852. 
The distance to the PPN is poorly known. We take a 
conse rvative value of d = 7.4 kpc to I RAS 05341+0852 
from iFuiii. Nakada. fc Parthasarathvl (|2002| ) , which as- 
sumes the typical intrinsic luminosity of PPNs to be 
= 8,000 Lq. The FWHM of IRAS 05341+0852 
is averaged to 174.5±8.5 mas in the range of 3.2 to 
3.6 /xm. The uncertainty sets upper limit for the phys- 
ical extent of hydrocarbon emitting zone to 54.2 mas 
after deconvolution, which translates to 400 AU at the 
distance quoted above. Therefore, if IRAS 05341+0852 
has a dust-emission core with similar spatial extent as 
IRAS 04296+3429 (~400 AU), it should have been de- 
tected even at that distance, although admittedly only 
marginally. In order to be consistent, if we use 7.1 kpc 
as the distance to IRAS 04296+3429 as proposed by the 
same au thors using the s ame m ethod, instead of the 4 kpc 
given bv I Meixner et al.l (|1997t ). the physical extent of the 
hydrocarbon emitting zone around IRAS 04296+3429 in- 
creases to D w 1,100 AU. This makes it even safer to say 
that the physical extent of IRAS 05341+0852 is less than 
that of IRAS 04296+3429, and if the former had a hydro- 
carbon core similar to the other one in size, it would be 
detectable. We therefore conclude IRAS 05341+0852 is 
unresolved not because of its remote location, but be- 
cause the hydrocarbon emission region is intrinsically 
small in size. 

We now have the distribution of hydrocarbon dust in 
three PPNs: the emitting region in IRAS 05341+0852 
is unresolved; in IRAS 04296+3429 it is concentrated 
but extended up to 400-640 AU in diameter; and in 
IRAS 22272+5435 it is diffuse and widely developed over 
2000 AU. This is at least suggestive that there is an 
evolutionary sequence of the hydrocarbon production in 
these PPNs: IRAS 05341+0852 is in the earliest stage 
of the evolution, followed by IRAS 04296+3429, with 
IRAS 22272+5435 being the most evolved in the post- 
AGB evolution. 

Although the present sample is small, we do note that 
there seems to be a correlation between the size of the 
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TABLE 1 





R.A. (J2000) 


Dec. {J2000) 


Spectral type 


V mag 


L mag 


d [kpc] 


L, [Lq] 


Td [K] 


References 


IRAS 04296+3429 


04 32 57.0 


+34 36 13 


GOIa 


14.17 


7.4 


4.0/7.1 


5300/ (8000=^) 


200 


1,2,3,4 


IRAS 05341+0852 


05 36 55.0 


+08 54 08 


F4Iab 


13.61 


8.13 


7.4 


(8000'') 


210 


1,2,5 


IRAS 22272+5435 


22 29 10.4 


+54 51 07 


G5Ia 


9.10 


4.43 


1.8 


13000 


202 


1,6,7,8 



References. — (1) Ucta ot al. 2000; (2) Fujii ct al. 2002; (3) Manchado et al. 1989; (4) Moixncr ct al. 1997; (5) Geballe & van der Veen 1990; 
(6) Hrivnak & Kwok 1991; (7) Nakashima 2006; (8) Ueta et al. 2001 

^ The total luminosity is assumed to be — 8, OOOLq when estimating the distance to the source. 



emitting region and the spectral evolution of the hydro- 
carbon emission features. The two trends in the spec- 
tral sequence, (1) the decline of aliphatic emission at 
3.4 /xm with respect to the aromatic emission at 3.3 /im, 
and (2) the decrease of the overall intensity of hydro- 
carbon feature integrated at 3.2-3.6 /zm, apparently go 
together with the hydrocarbon emitting region becom- 
ing spatially more developed. It is interesting to note 
that a similar spectral variation of the aliphatic and aro- 
matic hydrocarbon features has been reported in the 
therr nal annealing of the laboratory analog s of carbon 
dust (jSchnaiter et al.lll999l : iGoto et al.l 120001 ). These re- 
sults show that high spatial resolution infrared imaging 



spectroscopy has the capability of directly tracing the 
chemical evolution of circumstellar synthesis of carbona- 
ceous compounds, with significant implications on our 
understanding of the chemical enrichment of the inter- 
stellar medium and the Galaxy. 
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